The authors challenge accepted doctrine which asserts that the adequacy of an academic library cannot be measured by the number of books which it contains. Out of their feeling that the Standards for College Libraries and the Standards for Junior College Libraries are inadequate for estimating the sizes (in volumes) required for minimum adequacy by libraries of institutions of higher education of widely differing characteristics, they developed new formulas for this purpose. These formulas attempt to identify the principal factors affecting academic needs for books and to ascribe suitable weights to each factor. The authors then illustrate the application of the formulas to specific institutions, and conclude that while the results are useful, further research is needed. They end by suggesting specific topics for such research.
• an the adequacy of the collection of an academic library be measured by the number of books which it contains? Respectable authorities say "No!"
''The adequacy of the college library's collections cannot be measured in quantitative terms," asserts a well-known textbook in the field of college library administration. "To judge a collection superior or inferior on the basis of the volume holdings," it maintains, "is as absurd as ratinp a college on the basis of its enrollment.'' Regional accrediting agencies agree. ''The actual number of books which a library contains is not a stable measure of the adequacy of the library. "
2 "More important than the total number of books in the stacks is the extent to which the selection of volumes accurately reflects the needs of the institution as defined by its educational task."
3 "It will be noted that no mention is made here of required minima for ... library holdings .... The adequacy of each institution's resources must be judged in terms of its program. " 4 "Every [academic] library must ... be evaluated in its own setting rather than by comparison with general patterns or norms, because each library must surport a particular educational program.'' And similarly the Northwest Association, 1957, and the Western Association, 1963, while concerned for the ''adequacy'' of the academic library, provide no yardstick for the measurement of that quality. 6 ' 7 The only regional association which makes an obeisance in the direction of a quantitative measure (but in a manner which approximates mockery) is the Southern Association: ''The book and periodical collection should, by quality, size, and nature, support and stimulate the entire educational program . . . the following should be used Specifically, these Standards provide that fifty thousand "carefully chosen" volumes may serve as the minimum for the library of a college of up to six hundred students (full-time equivalent); that "steady growth" is essential but may slacken when the collection reaches approximately three hundred thousand volumes; and that for each two hundred students above the initial six hundred there should be an additional ten thousand volumes. It is emJ'hasized that these are minimal figures.
1
The Standards for Junior College Libraries, likewise promulgated by the Association of College and Research Libraries, are similarly insistent upon quality, but similarly offer some quantitative assistance. They require that an institution of up to one thousand students (full-time equivalent) should have a minimum of twenty thousand volumes exclusive of duplicates and textbooks and suggest that this figure should be increased by five thousand for each additional five hundred students beyond one thousand. Again, it is emphasized that these are minimal figures.
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In neither case, however, are the suggested quantitative criteria convincing in the sense that they rest on demonstrations of actual numbers of books required for specific educational purposes. Instead, the suggested figures admittedly reflect the accidentals of college library statistics (without indication of how this reflection is effected) or agreement among librarians consulted. The requirements for additional books are based in one case upon an apparent ''correlation between the growth of the student body and the growth of the collection,'' and in the other simply upon ''consultation with many junior college librarians .'' Finally, the Standards for College Libraries are by definition inapplicable to institutions stressing advanced research or granting degrees beyond the Master's, while the Standards for Junior College Libraries, although recognizing that institutions with a multiplicity of programs may need minimal collections of two or three times the basic figure of twenty thousand volumes, do not state at what point this requirement takes effect.
The present authors recently needed formulas for producing estimates of the size required for minimum adequacy by the library collections of a number of academic institutions of widely differing characteristics. It was important that these estimates should carry conviction to the planning, budgeting, and appropriating bodies concerned. Available standards were found unsuitable for producing the desired result. Accordingly, an attempt was made to develop formulas in which separate account would be taken of the principal factors that affect the requirements for books in connection with academic programs, and in which each factor would be weighted in a manner capable of being related to and justified by practice.
The results of this attempt, though admittedly but a beginning and needing much improvement, were found useful for the gurpose for which they were designed, and are consequently presented here as of possible wider interest. They invite exploration of the conditions which affect academic needs for books, of the relative weights which should be attached to the various controlling factors, and of the basic hypothesis itself-namely, that it is possible to provide a meaningful quantitative measure of adequacy in library collections.
FORMULAS FOR ESTIMATING SIZE OF ACADEMIC LIBRARY COLLECTIONS REQUIRED FOR MINIMUM ADEQUACY
The minimum size required for the adequacy of an academic library differs from institution to institution depending upon the combined effect of the variables constituting the controlling factors in each case. Among the most important of these are:
• The student body-size, composition (graduate or undergr?duate, full-time or part-time, resident or nonresident, etc.), scholastic aptitude, socioeconomic and intellectual background.
• The faculty-size, involvement in research, ''library-mindedness,'' etc.
• The curriculum-number of departments of instruction, number of courses, proportion of laboratory to literature courses, number of undergraduate ''majors,'' number of fields of masters' and doctors' degrees, number of professional schools, etc.
• Methods of instruction-extent and use of textbooks, assigned reading, independent study, honors work, etc.
• Availability of suitable places for study on the campus. • Geography of the campus-proximity to metropolitan areas, to other large libraries, etc.
• The intellectual climate-inducements and distractions to study, etc.
It is obvious that these factors differ widely in their susceptibility to measurement. Only those that can be most easily and meaningfully measured were given places in the following tables which constitute the formulas.
NOTES ON TABLE 1
The formula presumes that even liminal or minimum adequacy can be achieved with its assistance only if all material is carefully chosen with a view to the purpose to be served, and the weeding program is as active and realistic in relation to needs as is the program of acquisition.
Averages. Because of wide disparities in March 1989
the extent of the literatures of various subjects, the figures suggested by the table must be considered as averages of the literatures of subjects of academic interest. It is not too difficult to estimate the size of a collection for work at a given level in a single subject; it is when the library is required to serve the interest of many users at many levels in many subjects, as in an institution of higher education, that estimates of size become difficult.
Interdependence of factors.
No factor represented in the formula will be operative in isolation; each is dependent on others. For example, it is not suggested that 240 monograph volumes are sufficient for an undergraduate field of concentration (line 5). Obviously, there will be contributions to each field of concentration resulting from each of the other variables (lines 1 through 4).
Microcopy. The table presumes that most
of the materials estimated in lines 1-4 will be in full-scale format. Even here, however, some of the less-frequently-used material (such as back files of newspapers) may be in microcopy. With respect to much of the little-used research material to be added in accordance with the estimates contained in lines 5-7, ''adequacy'' can be achieved with almost as much efficiency through the use of microcopy as with full-scale material. The table assumes that fully cataloged material in microform will be measured in volumes as though it were in original form.
Title-volume ratios. The title-volume ratio employed for books (columns 2 and 3) is 1:1.2 which falls between that (1:1.37) found to obtain in the National Union Catalog13 and that (1:1.15) which is found in the Lamont library catalog. 14 The ratio used for periodicals (columns 4 and 5) has been set at 1:15 (cf. the note on line 1, column 4). For documents (column 6) a title-volume ratio does not seem to be meaningful. In consequence, the total sizes of collections obtained by using the table are expressed only in volumes.
Line 1, Column 2. The figure of 50,750 volumes suggested as capable of providing threshold adequacy for an undergraduate collection derives authority from experience in the actual construction of lists The Shaw list was a pioneering effort which set the pattern and the standard of excellence. The Lamont list was the first to be related to an ~.ctual undergraduate library, but it had many faults. The Michigan list learned from these. The California list (under construction at the library of the University of California at San Diego) has not only benefited from previous experience but has been executed under auspicious circumstances. The Library Council of the University of California recommended that the three new campuses currently being planned each have seventy-five thousand-volume libraries at opening day, since the experience of the growing campuses, Irvine in particular, suggests that it is difficult to give adequate service with a smaller collection. The California list, in consequence, provides for about sixty thousand volumes of monographs and fifteen thousand volumes of serials.
Line 1, Column 4. Line 1, Column 6. The figure of five thousand documents would admit the most important publications of the U.S. Congress, the Bureau of the Census and other federal executive agencies, the United Nations and its specialized agencies, states of the United States, etc.
Line 2. If the library which provides merely threshold adequacy for undergraduates is to permit the members of the teaching staff to keep up in their subjects even liminally, the collection must be enriched for their benefit. An enrichment amounting to fifty titles (e.g., three per year for sixteen years), one periodical subscription and twenty-five documents per faculty member would seem to be a minimum. 18 Line 3. The undergraduate library represented by line 1 takes no account whatsoever of the size of the student body. As this increases, the number of copies (not titles) will have to be increased. At the suggested rate of twelve volumes per student, every book in the undergraduate library could be duplicated by the time that the student body had risen to 4,230. In other words, there could then be, if desired, two identical undergraduate collections, each serving 2,115 students. It is more likely, of course, that all4,230 would use the same library but that the books more in demand would be supplied in multiple copies.
Line 4. The typical student in an honors or independent study program may read or use hundreds of books each year. However, since the criterion sought here is merely threshold adequacy, a very low figure is used.
Line 5. The undergraduate collection (line 1) will rarely have as many as several hundred titles in each field in which an undergraduate "major" is offered. By contrast, ''basic lists'' for such subjects typically include two thousand and more titles (see note on line 6, below). Accordingly, the reinforcement suggested here, amounting to only 17 per cent of this quantity, is very modest.
Line 6. At the point at which graduate work is offered leading to the master's degree or its equivalent, the collection must assume some of the characteristics of a research collection, albeit at the lowest level. The quantity of material for addition here is suggested by the numerous ''basic lists" which typically include two thousand and more titles, e.g.: Line 7. These 24,500 volumes represent but a fraction of the literature of any but the most recently-developed subject, and can ordinarily be expected to present a subject only in its most recent aspects, neglecting historical development. Yet as recently as 1955 one of the most literaturebased of the learned professions adopted twenty thousand volumes as a passing grade for its training centers in the United States, v and even in 1964 sixteen of these centers still had fewer than thirty thousand volumes. It is also true that the literatures of several disciplines support each other, as chemistry, biochemistry, physiology, anatomy, neurology, psychology, and other related sciences contribute to make a medical library.
NOTES ON TABLE 2
As with Table 1 it is presumed that all material will be carefully selected-and weeded-with reference to the purpose to be served.
.As with Table 1 , also, the formula provides only for a minimum. When it is seen, e.g. in the notes on lines 2 and 4, out of what this minimum is constructed, few institutions should be willing to stay there.
Averages. Similarly as for Table 1 , the figures suggested here must be construed as averages. Obviously, courses in court stenography or in conversational Spanish do not require the same library support as courses in theatre or decorative arts.
Government publications. No special provision has been made for these; to the extent included, they would be considered as books or periodicals.
Title-volume ratios. Same as for The earlier of these are out of date, and none is now authoritative. It is consequently not possible to give to the initial step in the formula of Table 2 even the degree of empirical support which is available for Table 1 . The development of such support would be an important step toward the improvement of the standards for junior college libraries.
Line 1, Column 4. The number of periodicals is arbitrarily set at one half the number for the four-year colleges.
Line 2. This provision amounts to fewer than two books per faculty member per year (if spread over sixteen years) plus one periodical. 18 Line 3. This item provides for additional copies (not titles) required by the size of the student body. At the rate suggested the basic collection could be duplicated by the time there were 3,375 students. This figure obviously needs testing in practice.
Line 4. This item provides for each additional subject at the rate of six titles per annum with replacement over a sixteen-year period. 18 In this connection, it may be noted that for the diversified program of the community college as contrasted with the narrower one of the junior college, the recent Rutgers Guide has the following to say:
The community college library should probably be larger than that of a comparable-sized four-year liberal arts college ... because a greater amount of materials is needed to maintain the diversified programs offered by a comprehensive community college. 31 Tables 3-5 the formulas of Tables 1-2 have been applied, by way of illustration, to the data for a number of academic libraries. Because of the untested status of the formulas, the names of the institutions have been withheld unless there seemed to have been no risk of an unjustified pejorative judgment.
EXAMPLES OF APPLICATION OF THE FORMULAS In
In Table 3 it is possible to compare, for four senior college libraries, the calculations resulting from the formula of Table 1 with those for additional volumes suggested by the Standards for College Libraries (viz., increments of ten thousand volumes, additional to the basic collection of fifty thousand, for each two hundred students beyond an original six hundred). It may be noted that the Standards are easier on the stronger institutions and harder on the weaker than is the formula of Table  1 .
In Table 4 are found certain libraries with enormous collections which are nevertheless found short of minimum adequacy by the formula of Table 1 . Can this be possible?
The source of adverse judgment is found principally in column 7 (number of doctoral fields). Thus, library no. 9, with 1.67 million volumes, offers the doctor's degree in sixty-two fields as contrasted with Illinois' sixty fields supported by 3.6 million volumes. The interpretation to be put on the table, therefore, is not that the collections rated minus are in an absolute sense "inadequate," but that they are inadequate in relation to the programs which they are attempting to support-in other words that the institutions have overextended themselves in relation to the available library resources.
The libraries represented in Table 5 without exception possess collections exceeding the basic minimum size required by the Standards for Junior College Libraries, and in some cases their collections are several times this basic minimum. In spite of this all but two fail to meet the threshold of adequacy prescribed by the formula of Table 2 .
In Table 5 it is possible to compare the findings of the formula of Table 2 with those of the Standards for Junior College Libraries (viz., increments of five thousand volumes, added to the basic twenty thousand, for each five hundred students beyond the original one thousand). Two more institutions in the list are found adequate by the second than by the first criterion.
NOTES ON TABLE 3
Source of data, Tables 3-5 : Various, see footnotes.
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All data are for 1962/3 or 1963/4, extrapolated for some items for some institutions from prior years. Student and faculty figures have been reduced, in some cases arbitrarily, to fulltime equivalents.
Column 1: Senior colleges; no. 4: A state-supported senior college.
Column 2: Faculty (full-time equivalent).
Column 3: Students (full-time equivalent).
Column 4: Honors students (postulated at 25 percent of student body for nos. 1-3 and 10 percent for no. 4).
Column 5: Fields of undergraduate concentration-'' major'' subject fields.
Column 6: Fields of graduate concentration-master's work or equivalent.
Column 8: Size (volumes) of collection calculated by the formula of Table 1 .
Column 9: Size (volumes) of actual collection.
Column 10: Difference between columns 8 and 9 expressed as a percentage of column 8. Plus indicates that the actual collection is lar~er than required by the March 1989 formula; minus that it is smaller.
Column 11: Size (volumes) of collection calculated by the formula suggested by Standards for College Libraries.
Column 12: Difference between columns 9 and 11 expressed as a percentage of column 11. Plus indicates that the actual collection is larger than required by the formula; minus that it is smaller.
NOTES ON TABLE 4
Source of data: See Table 3 . Column 1: State-supported or stateassisted universities.
Columns 2-6: Same as for Table 3 . Column 7: Fields of graduate concentration-doctoral work or equivalent.
Columns 8-10: Same as for Table 3 .
NOTES ON TABLE 5
Source of data: See Table 3 . Column 1: Junior or community colleges; nos. 3-7, junior or community colleges in California, Michigan and New York.
Column 2: Faculty (full time equivalent).
Column 3: Students (full time equivalent).
Column 4: Subject fields of study beyond standard general education or liberal arts transfer pattern.
Column 5: Size (volumes) of minimum collection calculated by formula of Table 2 .
Column 6: Size (volumes) of actual collection.
Column 7: Difference between columns 5 and 6 as a percentage of column 5. Plus indicates that the actual collection is larger than required by the formula; minus that it is smaller. lection may be difficult to determine, but there is no mystery about it. The difficulty arises simply from the quantity of detail and number of variables involved, far beyond the capability of any visiting committee to assess merely on the basis of easy observation or sampling.
number of scholars in a field. And the adequacy of an entire library is made up of the adequacies of its parts.
Yet every scholar has a notion of what in his own field constitutes adequacy for various purposes-undergraduate instruction, graduate teaching, advanced research, etc. This notion can in every case be expressed in concrete terms, i.e., in terms of a list of specific books. The contents of the list can in turn be made the subject of agreement or consensus of a
The best yardsticks of adequacy are therefore those to which we have become accustomed-the book-selection list and the specialized subject bibliography, frequently reviewed and brought up to date by experts and in the light of use. But to apply these yardsticks, is at the present time, something else again: manual checking and searching procedures are involved-slow, tiresome and costly.
Yet it may be foreseen that, with the advent of electronic catalogs the checking of a book-selection list or bibliography will become the mere routine of a mechanical process. Not only will evaluation of collections be simplified thereby, but collectionbuilding procedures will be assisted. The end result will be gains in the quality of collections.
The formulas described in this article have been developed in an attempt to find a method for estimating the size for minimal adequacy of academic library collections more convincingly than can be done with existing criteria. It may be validly objected that little more has been accomplished than to transfer the locus of conviction from an unknown whole to the unknown parts, of which the whole is composed. This may be readily admitted while calling attention to the fact that to break an estimate down into components is standard practice for convincing budgeting and appropriating bodies.
In any case, the attempt to identify and weigh the factors which affect the need for books in academic situations reveals gaps in our knowledge, to the filling of which research might profitably be directed. Among the questions requiring answers are: • Questions similar to the foregoing may be asked with respect to the collections of junior and community colleges.
